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Background: Nonadherence to medication is a common and serious issue in the
treatment of patients with Parkinson’s disease (PD). Among others, distinct nonmotor
symptoms (NMS) were found to be associated with nonadherence in PD. Here, we aimed
to confirm the association between NMS and adherence.

Methods: In this observational study, the following data were collected:
sociodemographic data, the German versions of the Movement Disorder
Society-sponsored revision of the unified Parkinson’s disease rating scale for motor
function (MDS-UPDRS ll), Hoehn and Yahr (H&Y) stage, levodopa equivalent daily
dose (LEDD), Becks depression inventory Il (BDI-Il), nonmotor symptoms questionnaire
(NMSQ), and the Stendal adherence to medication score (SAMS).

Results: The final sample included 137 people with PD [54 (39.4%) females] with a
mean age of 71.3 + 8.2 years. According to SAMS, 10.9% of the patients were fully
adherent, 73% were moderately nonadherent, and 16.1% showed clinically significant
nonadherence. Nonadherence was associated with LEDD, BDI-ll, education level,
MDS-UPDRS I, and the NMSQ. The number of NMS was higher in nonadherent patients
than in adherent patients. In the multiple stepwise regression analysis, the items 5
(constipation), 17 (anxiety), and 21 (falls) predicted nonadherence to medication. These
NMSQ items also remained significant predictors for SAMS after correction for LEDD,
MDS-UPDRS lll, BDI-Il, age, education level, gender, and disease duration.

Conclusion: Our study, in principle, confirms the association between NMS burden
and nonadherence in PD. However, in contrast to other clinical factors, the relevance
of NMSQ in terms of nonadherence is low. More studies with larger sample sizes are
necessary to explore the impact of distinct NMS on adherence.
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INTRODUCTION

Parkinson’s disease (PD) is a common neurodegenerative disorder predicted to increase in
prevalence as the population ages (1). It is characterized by motor symptoms that include tremor,
rigidity, and bradykinesia. However, a plethora of nonmotor symptoms (NMS) can occur and
contribute to clinical heterogeneity. These NMS, such as neurobehavioral disorders, cognitive
impairment, gastrointestinal dysfunction, bladder dysfunction, or sexual dysfunction, are, by all
accounts, very common in individuals with PD and contribute to poor quality of life (QoL) (2).
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Nonadherence to medication is a major issue in this chronic
disorder that results in reduced QoL and higher readmission
rates (3, 4). It represents a financial burden to the health
system and reduces the benefit from pharmacotherapy (5-9).
Many reasons exist why people with PD do not or cannot
follow instructions given for prescribed medical treatments.
Several epidemiological and clinical factors were found to be
associated with nonadherence to medication in PD, such as
younger age, education level, marital status, depression and
anxiety, poor cognition, longer disease duration, and regimen
complexity (3, 4, 6, 10-17). Recently, Straka et al. studied the
relationship between NMS and adherence in 124 subjects with
PD recruited from movement disorder outpatient departments
of university hospitals in Slovakia (18). Here, adherence scores
[eight-item Morisky medication adherence scale (MMAS-8)]
positively correlated with disease duration, health-related QoL,
depression, frequency, and severity of NMS [NMS scale (NMSS)],
and motor and nonmotor complications. However, in their linear
regression, only NMSS scale predicted MMAS-8. In particular,
excessive daytime sleepiness, anhedonia, and forgetfulness (items
3, 12, and 18 of NMSS) predicted worse adherence to PD
medication. This study was limited by the selection of patients
who take a minimum of three daily doses of PD medication.
It was also surprising that depression was not an independent
predictor of adherence beside the NMSS. Therefore, we aimed to
replicate the association between NMS and adherence by using
two different questionnaires for NMS and adherence.

METHODS

Participants and Assessments

The study was approved by the local ethics committee of
the Jena University Hospital, and written informed consent
was obtained from all patients. Data from patients with PD
were consecutively collected from the outpatient clinic of the
Department of Neurology at the Jena University Hospital.
Inclusion criteria include PD diagnosis according to Movement
Disorder Society (MDS) diagnosis criteria, which was made by
a movement disorder specialist (TP), while exclusion criteria
include cerebrovascular disorders, delirium, unable to complete a
questionnaire, and PD dementia [Montreal cognitive assessment
(MoCA) <21 points]. All tests and assessments were conducted
during the medication ON phase. Demographic data include
age, gender, marital status, employment status, and level of
education (high, German Abitur or University; low, German
Realschule or General Certificate of Secondary Education,
German Hauptschule or no school). Several clinical variables
were recorded using the validated German questionnaires and
assessments: MDS-sponsored revision of the Unified Parkinson’s
disease rating scale for motor function (MDS-UPDRS III),
revised nonmotor symptoms questionnaire (NMSQ), Hoehn and

Abbreviations: BDI, Becks depression inventory; H&Y, Hoehn and Yahr; LEDD,
Levodopa equivalent daily doses; MDS-UPDRS, Movement Disorder Society-
sponsored revision of the unified Parkinson’s disease rating scale; NMSQ,
Nonmotor symptoms questionnaire; PD, Parkinson’s disease; SAMS, Stendal
adherence to medication score.

Yahr (H&Y) staging, and levodopa equivalent daily dose (LEDD).
Nonmotor symptoms questionnaire is a comprehensive single-
page, self-administered 30-item assessment for a diverse range
of NMS in PD. It has good patient acceptability (19, 20), and
in contrast to NMSS, it is not designed to assess the severity or
frequency of NMS. Montreal cognitive assessment was used to
assess cognition (21) and Becks depression inventory II (BDI-
II) to quantify depressive mood. The German Stendal adherence
to medication score (SAMS) was used to assess adherence. It
includes 18 questions forming a cumulative scale (0-72), with 0
indicating complete adherence and 72 complete nonadherence
(22). The sum of scores ranged from 0 (fully adherent) to 72
(fully nonadherent). Moreover, it allows the assessment of three
common reasons for/clusters of nonadherence: modification of
medications, forgetting to take the medications, and lack of
knowledge about the medications (23). The whole copy of SAMS
is available online (CC BY NC 3.0 license; https://data.mendeley.
com/datasets/ny2krr3vgg/1) (24).

The total number of patients recruited for the study was
140; three cases had incomplete or missing data and thus
were excluded.

Statistical Analysis
Statistics were performed with the statistical software SPSS 25.0
(SPSS Inc., Chicago IL, USA). Data were first analyzed by means
of descriptive statistics: means, standard deviations, median,
interquartile range, frequencies, and percentages. Data were
checked for normality using the Shapiro-Wilk test.

There is no established threshold to determine nonadherence.
A cut-off point of 0.80 was found to be reasonable and
valid in stratifying adherent and nonadherent patients based
on predicting subsequent hospitalization across several highly
prevalent chronic diseases. Therefore, it is generally considered
that suboptimal adherence becomes clinically significant when
<80% of prescribed medication is taken (14, 25). In our
study, the highest 20% of all SAMS scores were categorized as
nonadherent. This leads to a study- and sample-specific SAMS
cutoff of 13 points for a clinically significant nonadherence.
The patients were then categorized into (a) fully adherent
(SAMS = 0), (b) moderately nonadherent (SAMS 1-12), and
(¢) nonadherent (SAMS > 13). Spearman correlation was
used to test the correlation between NMSQ and SAMS total
score. Multiple forward stepwise linear regression analyses were
subsequently performed to ascertain independent predictors of
SAMS. The significance level for variables entering into the
linear regression model was set at 0.2 and removing from the
model at 0.4. The independent variables were derived from
the literature and are presented in the corresponding tables
(3, 4, 6, 10-16). The level of statistical significance was set
at P < 0.05.
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TABLE 1 | Clinical and demographic characteristics.

n %
Sex Female 54 39.4
Male 83 60.6
Education Low 73 56.6
High 56 43.4
Marital status Widowed, divorced, 28 21.7
separated
Married 96 74.4
Single 5 3.9
Mean SD
Age (years) 71.3 8.2
Number of medications per day 7.7 5.0
Levodopa equivalent daily dose (LEDD) 651.1 433.2
Disease duration (years) 9.0 6.6
Hoehn and Yahr stage (median, IQR) 3.0 1.0
Movement Disorder 271 14.9
Society-sponsored revision of the
unified Parkinson’s disease rating
scale (VDS-UPDRS) lll
Nonmotor symptoms questionnaire (NMS-Q) 10.0 4.9
Montreal cognitive assessment (MoCA) 24.7 2.6
Becks depression inventory (BDI)-II 1.1 8.1
Stendal adherence to medication score (SAMS) 7.2 6.8

RESULTS

The final sample included 137 people with PD (54 [39.4%]
female) with a mean age of 71.3 & 8.2 years. Majority of the
patients were married and completed middle or high school
education. Detailed clinical data are presented in Table 1.
According to SAMS, 10.9% (n = 15) of the patients were
fully adherent (SAMS = 0), 73% (n = 100) were moderately
nonadherent (SAMS 1-12), and 16.1% (n = 22) showed clinically
significant nonadherence (SAMS > 12).

In the multiple linear regression analysis, SAMS was
associated with LEDD, BDI-1I, education level, MDS-UPDRS
I, and NMSQ (corrected R? = 0.23, P < 0.001, Table 2).
Accordingly, the number of NMS increased with the degree of
nonadherence (Figure 1).

Given the association between NMSQ and SAMS, we then
aimed to determine which NMS (derived from NMSQ) were
mainly associated with adherence. Analysis of NMSQ reported
significant correlations between items 1 (hypersalivation;
r = 0.18, P = 0.0035), 5 (constipation; r = 0.28, P = 0.001),
13 (loss of interest; r = 0.23, P = 0.007), 15 (problems in
concentration; r = 0.20, P = 0.002), 17 (anxiety; r = 0.20,
P =0.0019), and 21 (falls; r = 0.21, P = 0.001) with SAMS. In the
multiple stepwise regression analysis, we confirmed that items
5 (constipation), 17 (anxiety), and 21 (falls) predicted worse
adherence to PD medication (corrected R? = 0.14, P < 0.001,
Table 2). These items also remained significant predictors after
correction for LEDD, MDS-UPDRS III, BDI-II, age, education

TABLE 2 | Multiple linear regression models for the prediction of Stendal
adherence to medication score (SAMS).

Predictor* Unstandardized Standardized t P-value
coefficients coefficients
b SE [}
PREDICTION OF SAMS BY SEVERAL CLINICAL FACTORS
Constant —-0.697 1.699 —-0.41 0.682
LEDD 0.005 0.001 0.43 3.64 < 0.001
BDI-II 0.200 0.083 0.188 2.41 0.017
Education level (low) —2.293 1.053 0.154 —2.28 0.031
MDS-UPDRS Il 0.075 0.036 0.138 2.10 0.041
NMSQ 0.200 0.119 0.091 1.70 0.97
Predictor* Unstandardized Standardized t P
coefficients coefficients
b SE B
PREDICTION OF SAMS BY DISTINCT NMSQ ITEMS
Constant 13.36 1.40 9.54 < 0.001
NMSitem 5 =0 —3.74 1.41 0.499 —-3.28 0.001
NMS item 21 = 0 —2.64 1.09 0.268 —2.40 0.018
NMS item 17 =0 —2.89 1.28 0.233 —2.24 0.027
The independent variables were NMSQ item 1 (hypersalivation),
5 (constipation), 13 (loss of interest), 15 (problems concentration),
17 (anxiety) and 21 (falls)
Predictor® Unstandardized Standardized t P
coefficients coefficients
b SE B
PREDICTION OF SAMS BY CLINICAL FACTORS AND DISTINCT
NMSaQ ITEMS
Constant 8.05 2.21 < 0.001
LEDD 0.005 0.001 0.424 3.60 < 0.001
NMS item 21 =0 —-2.23 1.04 0.149 —2.14 0.034
NMS item 5 =0 —2.26 1.15 0.127 —-1.97 0.051
BDI-II 0.15 0.08 0.109 1.83 0.070
NMS item 17 =0 —2.22 1.28 0.097 —-1.72 0.087
Education level (low) —1.78 1.05 0.094 —-1.70 0.091

*The independent variables were derived from the literature and included age,
gender, education level (high/low), number of drugs per day, LEDD, disease duration,
MDS-UPDRS Ill, H&Y, NMSQ, and BDI-II.

#The independent variables were NMSQ item 1 (hypersalivation), 5 (constipation), 13 (loss
of interest), 15 (problems concentration), 17 (anxiety), and 21 (falls).

8The independent variables were NMSQ items 5 (constipation), 17 (anxiety), and 21
(falls) and LEDD, MDS-UPDRS Ill, BDI-Il, age, education level (high/low), gender, and
disease duration.

level, gender, and disease duration (corrected R> = 0.23,
P < 0.001, Table 2).

DISCUSSION

This study aimed to replicate the association between
nonadherence and NMS in PD, which was recently demonstrated
by Straka et al. (18). We discuss some methodological aspects
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FIGURE 1 | Number of nonmotor symptoms [nonmotor symptoms
questionnaire (NMSQ) total score] in patients with different degrees of
nonadherence (mean + 95%Cl).

first when comparing our results with that of Straka et al. In
terms of age, gender, education level, MDS-UPDRS III, disease
duration, and H&Y stage, our cohort was comparable to that
of Straka et al., but our patients had a lower LEDD. We used
different questionnaires. Using 18 or 8 items, both SAMS
and MMAS-8 address self-reported nonadherent behavior.
Categorization into adherent and nonadherent differs depending
on the used cutoff value. Straka et al. used an MMAS-8 cutoft
of 0 for full adherence, 1 and 2 points for moderate adherence,
and >3 points for nonadherence. In their study, 33.9% reported
a high level of adherence, 29.8% a medium level of adherence,
and 36.3% a low level of adherence. In contrast, in our study,
10.9% were fully adherent, 73% moderately nonadherent, and
16.1% showed clinically significant nonadherence. The obtained
prevalence differs because we used a different approach by
using a study- and sample-specific cutoff for nonadherence.
In line with many studies, we assumed that nonadherence
becomes clinically significant when <80% of prescribed
medication is taken (14, 25). Both SAMS and MMAS-8 cover
forgetfulness and intentional nonadherence by modification
of prescribed medication. Moreover, SAMS covers missing
knowledge about prescribed medication as a crucial aspect for
nonadherence (6, 26-29). Depression is an important risk factor
for nonadherence (3, 4, 6, 10, 11, 15, 30); hence, this cofactor was
assessed in our study with BDI-II and in the study by Straka et al.
with GDS. Becks depression inventory II and GDS are both valid
screening tools and have adequate accuracy to detect depression
in PD (31). For detecting NMS burden, we used NMSQ, and
Straka et al. used NMSS. Nonmotor symptoms questionnaire
assesses for the presence of 30 common NMS using yes or
no questions. In contrast, NMSS also detects the severity and
frequency of NMS (32, 33). Moreover, both scores do not track
the same NMS.

In line with earlier studies in PD, our multivariable analyses
confirmed that depression, poor motor function (MDS-UPDRS

I1I), lower education level, and higher LEDD are associated with
nonadherence to medication (3, 4, 17). With reference to the
study by Straka et al., we confirmed that the overall burden
of NMS (NMSQ total score) is associated with nonadherence.
However, we believe one has to be cautious when interpreting
these results for the following reasons. In Strakas study,
depression (assessed with GDS) was not a significant predictor
of MMAS-8 when NMSS was entered into the model. This
is surprising for two reasons. Although NMSS (as well as
NMSQ) asks for depressive symptoms, one would expect that
GDS questionnaire is more accurate in measuring depression.
Therefore, we would assume that GDS should be associated with
nonadherence just as BDI-II was associated with nonadherence
in our study. This is because depression is a relevant predictor
of nonadherence in many studies across different diseases and in
PD (3, 4, 6, 10, 11, 15, 30). Our study, in principle, underlines
that NMS burden is a predictor of adherence. This was also
the case in our study after correction for other cofactors known
to influence adherence, i.e., depression, motor impairment, and
education level. However, we have to admit that after correction,
the association between adherence and NMSQ was weak.

In addition, we and Straka et al. observed some correlations
with distinct NMS items. Straka et al. found that excessive
daytime sleepiness, anhedonia, and forgetfulness predict worse
adherence. However, in our study, constipation, anxiety, and
falls predicted worse adherence after correction for depression,
education, and markers of disease severity. One can speculate
about the reasons for these associations. While association to
anxiety (related to depression or fear of drug side effects) and falls
(related to later PD stages) seems somehow reasonable (34, 35),
the association between constipation and adherence is difficult
to explain. However, given the exploratory approach of both
studies, one cannot rule out false positive associations between
nonadherence and these specific NMS.

The study is not free of limitations. Patients with PD
dementia were excluded. Therefore, the results cannot be
generalized to all patients with PD. We also focused on
self-reported and personal-related factors of nonadherence
and therefore used a questionnaire to quantify adherence.
For a holistic understanding of the association between
NMS and adherence, it would be useful to incorporate
additional methods to assess adherence (e.g., electronic pill
monitoring). It is well-known that self-reports overestimate
adherence compared with electronic monitoring (36). Thus,
the reported prevalence of nonadherence has to be taken
with caution.

CONCLUSION

Our study, in principle, confirms the association between
NMS burden and nonadherence in PD. However, we
believe that the relevance of NMSQ for adherence is
lower in contrast to other factors. More studies are
necessary to explore the impact of distinct NMS on
self-reported adherence.

Frontiers in Neurology | www.frontiersin.org

October 2020 | Volume 11 | Article 551696


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Mendorf et al.

Adherence and NMS in PD

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation upon
reasonable request to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Local Ethics Committee of the Jena University
Hospital. The patients/participants provided their written
informed consent to participate in this study.

REFERENCES

10.

11.

12.

13.

14.

15.

16.

. Ascherio A, Schwarzschild MA. The epidemiology of Parkinson’s

disease: risk factors and prevention. Lancet Neurol. (2016) 15:1257-72.
doi: 10.1016/S1474-4422(16)30230-7

. Pfeiffer RF. Non-motor symptoms in Parkinson’s disease. Parkinsonism Relat

Disord. (2016) 22:5S119-22. doi: 10.1016/j.parkreldis.2015.09.004

. Grosset D, Antonini A, Canesi M, Pezzoli G, Lees A, Shaw K, et al. Adherence

to antiparkinson medication in a multicenter European study. Mov Disord.
(2009) 24:826-32. doi: 10.1002/mds.22112

. Grosset KA, Bone I, Grosset DG. Suboptimal medication adherence in

Parkinson’s disease. Mov Disord. (2005) 20:1502-7. doi: 10.1002/mds.20602

. Budnitz DS, Lovegrove MC, Shehab N, Richards CL. Emergency

hospitalizations for adverse drug events in older Americans. N Engl |
Med. (2011) 365:2002-12. doi: 10.1056/NEJMsal103053

. Valldeoriola F, Coronell C, Pont C, Buongiorno M, Cémara A, Gaig C,

et al. Socio-demographic and clinical factors influencing the adherence to
treatment in Parkinson’s disease: the ADHESON study. Eur J Neurol. (2011)
18:980-7. doi: 10.1111/j.1468-1331.2010.03320.x

. Wimmer BC, Dent E, Bell JS, Wiese MD, Chapman I, Johnell

K, et al. Medication regimen complexity and unplanned hospital
readmissions in older people. Ann Pharmacother. (2014) 48:1120-8.
doi: 10.1177/1060028014537469

. Yap AFE, Thirumoorthy T, Kwan YH. Systematic review of the barriers

affecting medication adherence in older adults. Geriatr Gerontol Int. (2016)
16:1093-101. doi: 10.1111/ggi.12616

. Tsai K-T, Chen J-H, Wen C-J, Kuo H-K, Lu I-S, Chiu L-S, et al. Medication

adherence among geriatric outpatients prescribed multiple medications. Am J
Geriatr Pharmacother. (2012) 10:61-8. doi: 10.1016/j.amjopharm.2011.11.005

Daley DJ, Myint PK, Gray R], Deane KH. Systematic review
on factors  associated  with  medication  non-adherence  in
Parkinson’s disease. Parkinsonism Relat Disord. (2012) 18:1053-61.

doi: 10.1016/j.parkreldis.2012.09.004

Straka I, Minar M, Gazova A, Valkovic P, Kyselovic J. Clinical
aspects of adherence to pharmacotherapy in Parkinson disease: a
PRISMA-compliant ~systematic review. Medicine. (2018) 97:e10962.
doi: 10.1097/MD.0000000000010962

Malek N, Grosset DG. Medication adherence in patients with Parkinson’s
disease. CNS Drugs. (2015) 29:47-53. doi: 10.1007/s40263-014-0220-0
Shin JY, Habermann B. adherence in
with  Parkinson disease. ] Neurosci Nurs. (2016)
doi: 10.1097/JNN.0000000000000198

DiMatteo MR. Variations in patients’ adherence to medical recommendations:
a quantitative review of 50 years of research. Med Care. (2004) 42:200-9.
doi: 10.1097/01.mlr.0000114908.90348.f9

Fleisher JE, Stern MB. Medication nonadherence in Parkinson’s disease. Curr
Neurol Neurosci Rep. (2013) 13:382. doi: 10.1007/s11910-013-0382-z

Rohde D, Merriman NA, Doyle F Bennett K, Williams D, Hickey
A. Does cognitive impairment impact adherence? A systematic review

Medication people

48:185-94.

AUTHOR CONTRIBUTIONS

SM and TP: contributed conception and design of the study and
performed the statistical analysis. SM: organized the database and
wrote the first draft of the manuscript. HZ: wrote sections of the
manuscript. TP and OW: manuscript review and critique. All
authors contributed to manuscript revision, read and approved
the submitted version.

FUNDING

This work was supported by a Bundesministerium fiir Bildung
und Forschung grant to TP (01GY1804).

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

and meta-analysis of the association between cognitive impairment and
medication non-adherence in stroke. PLoS ONE. (2017) 12:e0189339.
doi: 10.1371/journal.pone.0189339

. Mendorf S, Witte OW, Grosskreutz J, Zipprich HM, Prell T. What predicts

different kinds of nonadherent behavior in elderly people with Parkinson’s
disease? Front Med. (2020) 7:103. doi: 10.3389/fmed.2020.00103

Straka I, Minar M, Skorvanek M, Grofik M, Danterova K, Benetin J, et al.
Adherence to pharmacotherapy in patients with parkinson’s disease taking
three and more daily doses of medication. Front Neurol. (2019) 10:799.
doi: 10.3389/fneur.2019.00799

Chaudhuri KR, Martinez-Martin P, Schapira AH, Stocchi E Sethi K, Odin P,
et al. International multicenter pilot study of the first comprehensive self-
completed nonmotor symptoms questionnaire for Parkinson’s disease: the
NMSQuest study. Mov Disord. (2006) 21:916-23. doi: 10.1002/mds.20844
Romenets SR, Wolfson C, Galatas C, Pelletier A, Altman R, Wadup
L, et al. Validation of the non-motor
(NMS-Quest). Parkinsonism Relat Disord.
doi: 10.1016/j.parkreldis.2011.08.013

Nasreddine Z, Phillips NA, Bédirian V, Charbonneau S, Whitehead V,
Collin I, et al. The montreal cognitive assessment, MoCA: a brief screening
tool for mild cognitive impairment. ] Am Geriatr Soc. (2005) 53:695-9.
doi: 10.1111/j.1532-5415.2005.53221.x

Prell T, Schaller D, Perner C, Franke GH, Witte OW, Kunze A, et al.
Comparison of anonymous vs. nonanonymous responses to a medication
adherence questionnaire in patients with Parkinson’s disease. Patient Prefer
Adherence. (2019) 13:151. doi: 10.2147/PPA.S186732

Prell T, Grosskreutz J, Mendorf S, Franke GH, Witte OW, Kunze A. Clusters
of non-adherence to medication in neurological patients. Res Soc Adm Pharm.
(2019) 15:1419-24. doi: 10.1016/j.sapharm.2019.01.001

Prell T, Grosskreutz J, Mendorf S, Witte OW, Kunze A. Data on
adherence to medication in neurological patients using the German Stendal
Adherence to Medication Score (SAMS). Data Brief. (2019) 23:103855.
doi: 10.1016/j.dib.2019.103855

Karve S, Cleves MA, Helm M, Hudson TJ, West DS, Martin BC.
Good and poor adherence: optimal cut-point for adherence measures
using administrative claims data. Curr Med Res Opin. (2009) 25:2303-10.
doi: 10.1185/03007990903126833

Grosset KA, Grosset DG. Effect of educational intervention on medication
timing in Parkinson’s disease: a randomized controlled trial. BMC Neurol.
(2007) 7:20. doi: 10.1186/1471-2377-7-20

Leopold NA, Polansky M, Hurka MR. Drug
Parkinson’s disease. Mov Disord. (2004) 19:513-7. doi:
20041

Okuno J, Yanagi H, Tomura S. Is cognitive impairment a risk factor for poor
compliance among Japanese elderly in the community? Eur ] Clin Pharmacol.
(2001) 57:589-94. doi: 10.1007/s002280100347

Von Korff M, Gruman J, Schaefer J, Curry S], Wagner EH. Collaborative
management of chronic illness. Ann Intern Med. (1997) 127:1097-102.
doi: 10.7326/0003-4819-127-12-199712150-00008

symptoms questionnaire
(2012) 18:54-8.

adherence in
10.1002/mds.

Frontiers in Neurology | www.frontiersin.org

October 2020 | Volume 11 | Article 551696


https://doi.org/10.1016/S1474-4422(16)30230-7
https://doi.org/10.1016/j.parkreldis.2015.09.004
https://doi.org/10.1002/mds.22112
https://doi.org/10.1002/mds.20602
https://doi.org/10.1056/NEJMsa1103053
https://doi.org/10.1111/j.1468-1331.2010.03320.x
https://doi.org/10.1177/1060028014537469
https://doi.org/10.1111/ggi.12616
https://doi.org/10.1016/j.amjopharm.2011.11.005
https://doi.org/10.1016/j.parkreldis.2012.09.004
https://doi.org/10.1097/MD.0000000000010962
https://doi.org/10.1007/s40263-014-0220-0
https://doi.org/10.1097/JNN.0000000000000198
https://doi.org/10.1097/01.mlr.0000114908.90348.f9
https://doi.org/10.1007/s11910-013-0382-z
https://doi.org/10.1371/journal.pone.0189339
https://doi.org/10.3389/fmed.2020.00103
https://doi.org/10.3389/fneur.2019.00799
https://doi.org/10.1002/mds.20844
https://doi.org/10.1016/j.parkreldis.2011.08.013
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.2147/PPA.S186732
https://doi.org/10.1016/j.sapharm.2019.01.001
https://doi.org/10.1016/j.dib.2019.103855
https://doi.org/10.1185/03007990903126833
https://doi.org/10.1186/1471-2377-7-20
https://doi.org/10.1002/mds.20041
https://doi.org/10.1007/s002280100347
https://doi.org/10.7326/0003-4819-127-12-199712150-00008
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Mendorf et al. Adherence and NMS in PD

30. Kulkarni AS, Balkrishnan R, Anderson RT, Edin HM, Kirsch J, Stacy 35. Sundbom LT, Bingefors K. The influence of symptoms of anxiety and
MA. Medication adherence and associated outcomes in medicare health depression on medication nonadherence and its causes: a population based
maintenance organization-enrolled older adults with Parkinson’s disease. Mov survey of prescription drug users in Sweden. Patient Prefer Adherence. (2013)
Disord. (2008) 23:359-65. doi: 10.1002/mds.21831 7:805-11. doi: 10.2147/PPA.S50055

31. Goodarzi Z, Mrklas KJ, Roberts DJ, Jette N, Pringsheim T, Holroyd-Leduc 36. Grosset KA, Bone I, Reid JL, Grosset D. Measuring therapy adherence in
J. Detecting depression in Parkinson disease: a systematic review and Parkinson’s disease: a comparison of methods. ] Neurol Neurosurg Psychiatry.
meta-analysis. Neurology. (2016) 87:426-37. doi: 10.1212/WNL.00000000000 (2006) 77:249-51. doi: 10.1136/jnnp.2005.064709
02898

32. Valkovic P, Harsany J, Hanakova M, Martinkova J, Benetin J. Nonmotor Conflict of Interest: The authors declare that the research was conducted in the
symptoms in early-and advanced-stage Parkinson’s disease patients on absence of any commercial or financial relationships that could be construed as a
dopaminergic therapy: how do they correlate with quality of life? ISRN potential conflict of interest.
Neurology. (2014) 2014:587302. doi: 10.1155/2014/587302

33. Chaudhuri KR, Martinez-Martin P, Brown RG, Sethi K, Stocchi F, Odin Copyright © 2020 Mendorf, Witte, Zipprich and Prell. This is an open-access article
P, et al. The metric properties of a novel non-motor symptoms scale for distributed under the terms of the Creative Commons Attribution License (CC BY).
Parkinson’s disease: results from an international pilot study. Mov Disord. The use, distribution or reproduction in other forums is permitted, provided the
(2007) 22:1901-11. doi: 10.1002/mds.21596 original author(s) and the copyright owner(s) are credited and that the original

34. Berry SD, Quach L, Procter-Gray E, Kiel DP, Li W, Samelson EJ, et al. Poor publication in this journal is cited, in accordance with accepted academic practice.

adherence to medications may be associated with falls. ] Gerontol A Biol Sci
Med Sci. (2010) 65:553-8. doi: 10.1093/gerona/glq027

No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Neurology | www.frontiersin.org

October 2020 | Volume 11 | Article 551696


https://doi.org/10.1002/mds.21831
https://doi.org/10.1212/WNL.0000000000002898
https://doi.org/10.1155/2014/587302
https://doi.org/10.1002/mds.21596
https://doi.org/10.1093/gerona/glq027
https://doi.org/10.2147/PPA.S50055
https://doi.org/10.1136/jnnp.2005.064709
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Association Between Nonmotor Symptoms and Nonadherence to Medication in Parkinson's Disease
	Introduction
	Methods
	Participants and Assessments
	Statistical Analysis
	Declaration of Sources of Funding

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


